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All of the events in epidermal keratinization
are not known. The characteristic unidirectional
maturation and migration of epidermal cells,
however, is an accepted tenet: "As (the genera-
tive cells) multiply and their daughter-cells ap-
proach the surface, they gradually change their
character until their life terminates with the
formation of dead anuelear horny cells (1)."
This characteristic life-cycle is considered to be
intrinsic. However, under some circumstances,
the characteristic life-cycle may be reversed, or
altered qualitatively. After blistering burns or
other injuries which remove the epidermis, the
defect is covered mainly by prickle cells gliding
from the margins. The prickle cells subsequently
become anchored to the eorium and assume the
characteristics of basal cells (2). All basal and
Malpighian cells are equipotential; they are
convertible into each other as long as they are
not too far along the way to eventual keratiniza-
tion (3). Recent evidence indicates that various
human adult, differentiated epithelial structures,
i.e., oral mueosa, hair follicles, epidermis and
even basal cell epitheliomas may alter their struc-
tural characteristics when implanted into differ-
ent stromal environments in the autologous host
(4). These lines of evidence indicate that the
structural characteristics of various epithelial
cells are dependent on the local milieu, the
stromal environment.
The present experiments were carried out in
order to investigate the structural or geometrical
relationships between mitotie cells, stratum
corneum, and the surrounding corium and
nutrient source. The sites of epithelial mitoses
and of stratum eorneum formation were observed
following implantation of split-thickness human
skin into the eorium, and following explanation
and growth of similar specimens in nutrient
media.
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METHODS
I. General
Volunteers participating in this study were
patients of the National Cancer Institute hos-
pitalized in the Clinical Center. Twenty-four
patients participated in the study; some of these
patients underwent more than one experimental
procedure. The following diagnoses were repre-
sented: normal (1 subject), mycosis fungoides
(6 patients), Hodgkin's disease (2 patients),
basal cell carcinoma (3 patients), carcinoma of the
cervix (1 patient), psoriasis (9 patients), sarcoma
(1 patient), epidermoid cyst (1 patient). Unless
otherwise noted, clinically uninvolved skin sites
were utilized for the procedures.
II. Auto-implantation ITlethods
Thirty-three separate auto-implantations were
performed on adult human patients. Epithelial
tissues were obtained and prepared for implanta-
tion in various ways. Sterile surgical technic
were used; 2% xylocaine was used for local anes-
thesia. Split-thickness skin was obtained with a
4 mm. skin punch by cutting the specimen off with
fine scissors at a thickness of approximately 1 mm.
Similar specimens were obtained after removing
the stratum corneum by repeated stripping with
pressure-sensitive (Scotch®) tape. Such skin speci-
mens were inserted into the recipient corium
through incisions made with a pointed scalpel. If
necessary, a single suture was taken to hold the
implant in the incision.
Pure oral mucosa was obtained by scraping the
inner surface of the lower lip with a #10 scalpel
down to superficial bleeding points. Under a dis-
secting microscope the mueosal fragments, mois-
tened with normal saline solution, were drawn
into a #16 needle by means of a syringe. The
mucosal fragments were then introduced into the
mid-eorium by inserting a troehar into the needle.
Parts of hair follicles were implanted in 2 differ-
ent ways. In one experiment, a 4 mm. punch
biopsy specimen of scalp was obtained approxi-
mately 4 mm. deep, including the hair follicles.
The lower 2 mm. of this specimen, including der-
mal papillae and hair roots, was cut off with
scissors and inserted into the curium, upside down,
into an incision parallel to the skin surface. In
two other experiments scalp hairs were manually
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epilated, leaving the dermal papillac behind.
Under a dissecting microscope, in normal saline,
the hair matrices were cut off at the level of the
opaque keratogcnous zone and inserted into a
16 needle. Six hair bulbs were thus prepared
and injected together into the corium.
The recipient site in each case was the corium
of the back or upper arm. Precise localization of
the implanted tissues within the corium could not
be determined because of the possibility that the
implanted tissues might move within the corium.
The implanted tissnes were allowed to remain
in the host corium for periods of 44 hours to 37
days. The sites of implantation were then removed
with a 4 or 6 mm. skin punch. Specimens for histo-
logic study were fixed in Cajal's uranium nitrate
solution and stained with hematoxylin and eosin
and by Comori's trichrome method.
III. Organ Culture Methods
A total of 31 specimens of adult human skin
were obtained from 12 volunteers. Specimens were
obtained as follows: Skin sites (thigh, upper arm,
or back) were shaved, cleansed with benzalkonium
chloride tincture, and infiltrated with 2% xylo-
caine solution. A 1 x 2 cm. rectangular area of skin
was repeatedly stripped with pressure sensitive
(Scotch®) tape until the stratum corneum was
removed, as indicated by a shiny, moist surface.
Between the subsequent manipulations the bare
epidermal surface was covered by gauze moistened
with normal saline in order to prevent dehydration
of living epidermal cells. The bare, stripped skin
was then elevated by pressing both sides inward
with the fingers of one hand. With half a double-
edged razor blade grasped in a hemostat, a split-
thickness skin specimen approximately 1 x 2 cm.
in size was removed. Such a specimen could be cut
into 4 fragments, 1 x 0.5 cm. in size. Each fragment
was then transferred, via the razor blade, to the
surface of a sterile cellulose sponge pre-moistened
with media, in a 1 x 2 cm. glass dish (Beckman®
pH dish). The following media were used: human
serum, Eagle's media, and Eagle's media with
added glutamine (0.293 gm/liter) and 10%
calf serum (5). After the skin fragment was placed
on the pre-moistened sponge, the dish was either
filled with media to the level of the top of the
sponge, leaving the top (epidermal) surface of the
skin exposed, or filled with media, leaving the
skin entirely immersed (Fig. 6). All specimens were
cultured in an oven at 36°C. Nine specimens with
epidermal surface exposed were placed in the dry
oven. Two specimens, with epidermis exposed,
and 18 immersed specimens were incubated in
vacuum desiccators filled with water at the base
to preserve a high environmental humidity. Two
specimens of skin with stratum corneum left intact
were obtained, immersed in media and grown in
the humid desiccators for comparison with those
from which the stratum corneum had been re-
moved. The media was changed every second day.
Specimens were harvested after 4 to 10 days and
were prepared for histologic study in the same
manner as the autoimplanted specimens.
EESIJLTS
I. Auto-implantations
The results of histologic study of the auto-
implanted specimens are summarized in Tables
I, II, III, Ill, and V. Sixteen specimens of normal
skin, 12 specimens of skin from patients with
psoriasis, 2 specimens of oral mucosa, and 3 speci-
mens of parts of hair follicles were implanted. Of
the 12 specimens from patients with psoriasis,
5 were grossly involved, and the remaining 7 were
uninvolved. Of the total of 33 specimens re-
moved, there was surviving donor epithelium in
27. In the remaining 6 specimens, there was no
sign of the implanted tissue except for the pres-
ence of necrosis and/or inflammatory infiltrates.
In 11 specimens of implanted skin keratin
cysts were seen. Each of these cysts was lined by
epidermal epithelium and contained multi-
layered stratum corneum. In several such speci-
mens one portion of the epithelial cyst wall re-
tained rote ridges characteristic of surface
epidermis, and thus may have represented the
originally implanted epidermis (Fig. 2). In 8
specimens of implanted skin there were changes
which, if allowed to continue, would undoubtedly
have led to the formation of keratin cysts. In
these specimens there was migration of epidermal
cells from the lateral, incised margins of the
implanted epidermis into and through the cleft
between the implanted epidermis and the sur-
rounding host corium (Fig. 1). The migrating
cells resembled squamous rather than basal cells.
Several stages in this process were seen from the
earliest (Fig. 1) (after just 44 hours). In later
stages, the migrating epithelial cells joined with
others from the opposite side. Stratum corneum
formed centrally, away from the corium. The
upper, distal Malpighian cells of implanted
epidermis were apparently nonviable, with
pyknotic or non-staining nuclei (Fig. 1). In such
specimens epithelial migration appeared to origi-
nate from the proximal Malpighian cells. This
was seen both in specimens with and without
attached stratum corneum.
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TABLE I
Auto-imptantations----nonnat skin into corium
Patient
W. II.
E. S.
W. H.
W. H.
Dnnnr Tissue I'ti Results
Split-thickness skin
Split-thickness skin
Split-thickness skin
Split-thickness skin
14 days
14 days
21 days
37 days
Keratin cyst with fistula
Epidermis largely necrotic; epidermal cells
migrating at margins
Inflammatory cell reaction
Keratin cyst
TABLE II
Auto-imptantetions—normet skin with stratum corneum rereoved imptanted into eorium
Patient Dnnnr Tissue ?tn Results
C. P.
C. C.
C. P.
G. C.
C. C.
W. H.
W. R.
W. H.
W. H.
E. S.
W. H.
W. R.
Split-thickness skin
Split-thickness skin
Split-thickness skin
Split-thickness skin
Split-thickness skin
Split-thickness skin
Split-thickness skin
Split-thickness skin
Split-thickness skin
Split-thickness skin
Split-thickness skin
Split-thickness skin
44 hours
44 hours
4 days
4 days
7 days
7 days
9 days
9 days
14 days
14 days
21 days
37 days
Many superficial epidermal cells necrotic;
basal cells survive; epidermal cells mi-
grate at margins
Epidermal fistula; hemorrhage
Central parakeratotic stratum corneum in
early fistula
Superficial epidermis necrotic; epidermal
cells migrate at margins
Keratin cyst; central stratum corneum in
proliferating nests
Basal layer survives and proliferates
Complex cyst; central stratum corneum
Central stratum corneum in column
Cyst with fistula
Inflammatory cell reaction
Cyst with fistula
Keratin cyst
In 5 specimens of implanted skin, and 1 of
oral mucosa, stratum corneum was formed cen-
trally in a different way. Epithelial cells migrated
not only within the cleft between the implanted
epithelium and the host corium, but also in nests,
bands and columns within the host corium. Such
outgrowing nests of epithelial cells did not have,
initially, a stratum eorneum or donor epithelium
on one side, as did the cells migrating between
epidermis and corium. In these specimens groups
of epithelial cells distal to the corium formed
whorls, flattened, and formed parakeratotic
(Fig. 3) or fully keratinized (Fig. 4) stratum
corneum perles. In addition, in 2 specimens of
implanted hair follicles individual cell keratiniza-
tion and stratum corneum perles occurred.
Within migrating cpithelium, stratum corncum
did not always form as perles. In one specimen a
column of stratum corneum occurred centrally
within a column of migrating cells. In two addi-
tional specimens columns of stratum corneum
occurred within surface epidermis perpendicular
to the surface and were not connected with an
eccrine duct. In one of these (Fig. 5) a para-
keratotic stratum corneum column formed
within surface epidermis overlying implanted
skin. It may be assumed that progressive kern-
tinization in such a site would lead to fistula
formation. Fully developed fistulae, connecting
keratin cysts to the surface, were found in 4 of
the specimens.
II. Organ Cultures
The results of histologic study of the skin
specimens cultured in vitro are summarized in
Table VI. Thirty-one specimens were explanted;
specimens were harvested after 4 to 10 days.
Specimens were considered hydrated if either
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TABLE III
Auto-imptantations—skin from patients with psoriasis into corium
Patient Donor Tissue
DurationRecipient of Im- Resultsite plantation
A. Uninvolved Skin
W. P.
W. W.
T. N.
N. B.
N. B.
F. S.
S. Z.
Split-thickness skin
Split-thickness skin, stratum
corneum removed
Split-thickness skin, stratum
corneum removed
Split-thickness skin, stratum
corneum removed
Split-thickness skin, stratum
corneum removed
Split-thickness skin, stratum
corneum removed
Split-thickness skin, stratum
eorneum removed
Uninvolved
corium
Uninvolved
corium
Uninvolved
corium
Uninvolved
corium
Uninvolved
corium
Uninvolved
corium
Uninvolved
corium
7 days
7 days
7 days
7 days
6 days
14 days
14 days
Keratin cyst
Keratin cyst
Early stratum corneum (fistula),
column in acanthotic epidermis
Epidermal cells migrate from basal
layer
Central stratum corneum in migrat-
ing, proliferating epidermal cells
Keratin cyst
Fistula; central stratum corneum in
acanthotie epidermis
B. Involved (Psoriatic) Skin
W. W.
T. N.
S. Z.
F. S.
C. D.
Split-thickness skin, stratum
eorneum removed
Split-thickness skin, stratum
eorneum removed
Split-thickness skin, stratum
corneum removed
Stratum corneum intact
Stratum corneum intact
Uninvolved
corium
Uninvolved
corium
Uninvolved
eorium
Uninvolved
corium
Involved
eorium
7 days
7 days
14 days
14 days
14 days
Keratin cyst
Proliferation and migration of epi-
dermal cells
Inflammatory cell reaction
Inflam. cell reaction
Inflam. cell reaction
immersed in media or exposed in the humid
vacuum desiccator. Proliferation was judged by
focal or uniform increase in epidermal thickness
compared with control skin biopsies, by occur-
rence of mitotic figures, by the occurrence of new
flattened cell layers proximal to the still recog-
nizable old basal cell layer, and by migration of
cells from the incised margins of the explant.
Several such changes were characteristic of those
specimens in which proliferation was judged to
have occurred (Figs. 7 and 5). Stratum corncum
formation was judged by the occurrence of
keratohyaline granular cells, loss of nuclear stain-
ing, and flattening of cells. Such changes were
observed either centrally within the body of
epidermal cells (Figs. 7 and 5), distal to the
corium in the usual site, or in both sites.
Proliferation occurred in just 2 out of 10
specimens grown in serum or Eagle's media
TABLE IV
Autoimptantations—orat mucosa into corium
Patient DonorTissue
Duration
of Im-
plantation
Results
C. C. Oral mu-
cosa
W. It. Oral mu-
I cosa
7 days
9 days
Necrosis and in-
flammatory cell
reaction
Central stratum
corneum forma-
tion
without glutamine and calf serum, but was ob-
served in all 21 specimens grown in enriched
Eagle's media. Mitotic figures were seen only in
cells near the corium. The result of proliferation
was the laying down of a new layer of somewhat
elongated cells, together with the loss of the old
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rete ridge pattern. Tonofibrils were not easily
seen in the new epidermal cell layers. Superficial
Malpighian cells in explanted specimens often
had pyknotic nuclei, or had lost nuclear staining
(Figs. 7 and 8), as did similar cells in implanted
specimens (Fig. 1). Although proliferation oc-
curred in 5 specimens exposed to air of low
humidity in the oven, in each case the amount of
Auto-implantation of hair follicles into corium
Patient Donor Tissue Results
C. P. Dermal papillae; hair roots
C. G. Hair matrices
M. J. Hair matrices
24 days
7 days
7 days
Individual call keratinizatiun in external
sheaths
Necrosis
Proliferation and foci of stratum corneum
TABLE VI
Organ cultures—split-thicknesses of normal skin
Specimen No. Media* Hydratioo* Harvested Prolifera-After tion
Stratum Comeum
Central Distal
1 (1331)
2 (1332)
3 (1351)
4 (1352)
5 (1374)
6 (1373)
7 (1375)
8 (1376)
9 (1372)
10 (1377)
11(1380)
12 (1381)
13 (1354)
14 (1385)
15 (1401)
16 (1402)
17 (1404)
18 (1405)
19 (1406)
20 (1407)
21(1418)
22 (1419)
23 (1453)
24 (1456)
25 (1457)
26 (1461)
27 (1460)
28 (1474)
29 (1474b)
30 (1475)
31 (1475b)
Serum
Serum
Serum
Serum
Serum
Serum
Serum
Serum
Eagle's
Eagle's
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Eagle's enriched
Exposure to
Notrient*
Corium
Corium
Curium
Both surfaces
Curium
Both surfaces
Curium
Both surfaces
Both surfaces
Curium
Curium
Both surfaces
Curium
Both surfaces
Curium
Both surfaces
Curium
Curium
Both surfaces
Both surfaces
Both surfaces
Both surfaces
Both snrfaces
Buth surfaces
Both surfaces
Both surfaces
Both surfaces
Both surfaces
Both surfaces
Curium
Curium
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
4 days
4 days
4 days
4 days
6 days
6 days
7 days
7 days
6 days
7 days
5 days
S days
6 days
6 days
6 days
6 days
6 days
6 days
6 days
6 days
10 days
10 days
10 days
S days
8 days
S days
8 days
S days
8 days
8 days
8 days
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
* See Text.
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proliferation was judged to be minimal. The data
is insufficient to indicate whether this was due to
a drier environment, or less effective delivery of
nutrients to the epidermis, or both. New stratum
eorneum formation occurred in 18 specimens,
predominantly in those in which proliferation
occurred. In 13 of these 18 specimens new stratum
corneum occurred centrally within the mass of
proliferating epidermal cells. In 6 of these 13,
keratohyaline granular cells only were seen as a
sign of stratum eorneum formation. In the other
7, flattening of cells and loss of nuclear staining
were seen as well (Figs. 7 and 8). In 2 specimens
in which stratum corneum had been left intact
before explanting (specimens #30 and #31),
proliferation occurred. In each of these the
stratum corneum appeared thicker than normal.
It is likely, therefore, that new stratum corneum
formed.
DIscussIoN
The histogenesis of central stratum eorneum
formation in normal adult human epithelium
has not been hitherto clearly defined. The be-
havior of human adult skin implanted into
X-irradiated rats and hamsters was studied by
Toolan, who observed that minced fragments
implanted subcutaneously in previously X-ir-
radiated heterologous hosts became vascularized,
proliferated and increased in mass for approxi-
mately 15 days, as compared with only 3—7 days
in unirradiated control animals. Three days after
implantation small cysts formed, apparently by a
process of stretching of the existing cells. By the
lOth—l4th day numerous cysts were seen. Small
nests of epithelium, "in attempting to form the
usual cysts, often produced what appeared to be
typical 'perles' instead (6)."
Epstein and Kligman studied the pathogenesis
of milia (1), in naturally occurring lesions (2), in a
ease of epidermalysis bullosa (3), following
dermabrasion (4) and in autotransplants of skin
(7). They observed that milia are simple benign
keratinizing tumors arising from equipotential
epithelial cells, preferentially from hair follicle
external sheath cells.
In further studies on auto-transplanted human
skin (8, 9), these authors observed that cysts may
form by a process of migration of epithelial cells
in and through the cleft between implanted
epidermis and corium of the recipient site.
Although fistulae were observed, the mechanism
of development was not clear (9). They found
that after injury to the skin "sometimes the pro-
liferative process is misdirected and leads to the
formation of abnormal structures such as cysts,
sinuses, and possibly tumors (8)." On the basis of
the present work, it is clear that the formation of
stratum eorneum in auto-implants is a common,
usual process, whether following migration of
epidermal tongues around the implanted epi-
dermis or following proliferation and migration
of cell columns into clefts in the eorium. Such
stratum corneum formation, distal to the corium,
in fact serves to limit the growth of implanted
epidermis by removing epidermal cells from the
ranks of those capable of mitotic division. The
formation of stratum eorneum centrally within
epidermal cell masses occurs not only in oval or
spherical perles, but also in columns within
columns of epidermal cells. Such a column of
stratum corneum, joining a cyst with the skin
surface, may serve as a fistula when internal
pressure results in separation and excretion of
the stratum corneum lamellae. The histogenesis
of a fistula thus can be considered the normal
sequela of stratum eorneum formation centrally
within an epidermal cell column.
Culture of split thickness adult human skin
specimens provided a system in which was
studied the effect of varying several environ-
mental factors on proliferation and on the site of
stratum eorneum formation.
Epiderma] cell proliferation in explants was
much greater when enriched Eagle's media was
used instead of serum. The amount of prolifera-
tion observed (e.g. Figs. 7 and 8) with enriched
Eagle's media was perhaps greater than would be
expected in normal epidermis in, vieo. That this
effect was not entirely due to the removal of
stratum eorneum is indicated by the occurrence
of equally striking proliferation in specimens
explanted with stratum corneum intact. It is
likely, therefore, that proliferation was arti-
ficially increased by enriched Eagle's media.
Moreover, the tendency of the epidermal cells to
become elongated in layers and the apparent
absence of tonofibrils further indicate the abnor-
mality of the in vitro environment. The loss of
rete ridge pattern would seem to reflect the loss
of epidermal dependence on superficial capillaries
of the eorium for nutrient supply.
Even though the superficial epidermal barrier
was removed by cellophane tape stripping, allow-
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ing media to reach the epidermis from both
surfaces, all mitoses continued to occur in the
region of the epidermis nearest the eorium. This
indicates either 1) the eorium induces epidermal
mitoses nearby, aside from its function as a
nutrient transport agent, or that 2) Malpighian
cells distal to the eorium have lost the ability to
divide.
The occurrence of pyknotic nuclei in superficial
Malpighian cells in both implanted and explanted
stripped skin specimens is similar to the changes
originally described by Pinkus in intact skin
stripped of its stratum eorneum (10). The zone
of cells with pyknotie nuclei in his specimens
eventually became a parakeratotie east on the
surface. In implants and in explants the zone of
cells with pyknotie nuclei tends to persist, how-
ever, rather than to change into a parakeratotie
stratum eorneum.
From the present data it is not clear whether
the persistence of these cells in explants is due to
immersion in media or to maintenance of a
humid atmosphere. Such pyknotie cells are still
capable of forming stratum corneum, however,
since in explants, bands of keratohyaline granules
Rnd stratum corneum occur both within groups
of such cells with pyknotie nuclei and within new,
elongated cells closer to the corium. Apparently,
following stripping, dehydration of superficial
Malphigian cells in vivo may lead to a parakera-
totie stratum eorneum, whereas such cells
immersed in media are still capable of normal
stratum corneum formation.
The occurrence of bands of stratum eorneum
centrally within the epidermis in explants is
analogous to the occurrence of perles and columns
within migrating epidermis in autoimplants.
From the foregoing results, stratum eorneum
formation in epidermis, both in implants and in
explants, appears to be a function of distance
from the eorium or the media. The quantitative
features of this relationship depend on unknown
variables. In addition, it is clear that the direc-
tion of epidermal cell movement is not neces-
sarily coincident with the chemical processes
of keratinization, i.e., keratinization in an epi-
dermal cell population has a locus, but not neces-
sarily a direction. Keratinization and outward
cell movement coincide in surface epidermis in
vivo, but keratinizing cells do not move away from
the surface media in organ cultures. Epidermal
cells in vivo are forced outward by the pressure
of new daughter cells arising at or near the
basal layer; the outward moving cells keratinize
because of their location rather than their move-
ment.
These conclusions imply that concentration
gradients of soluble substances between the
environment and the epidermis determine the
site of stratum eorneum formation. It is of
interest to note that stratum corneum formation
appeared to be distal to the basal layer in 2
specimens with stratum eorneum left intact
originally. The intact epidermal barrier might
inhibit transfer of metabolites through the stra-
tum eorneum and thus be the locus of maximal
concentration of the metabolites. Removal of the
stratum eorneum and epidermal barrier would be
expected to shift the locus of maximum concen-
tration differences between epidermis and media
toward the center of the epidermal band. This
effect is similar to the relationship between cell
population density and the differentiation of
transplanted or explanted cell populations which
is well known to embryologists (11—15).
Perhaps basic to this problem is the mechanism
whereby certain synthetic processes are favored
by large cell populations. Eagle (5) has recently
shown that synthesis of polio virus by large popu-
lations of HeLa cells requires only glucose,
glutamine, and salt, but that when a small num-
ber of cells is cultured in a large volume of
medium, a full complement of amino acids is
required—indicating that there is rapid loss of
amino acids from the intracellular pool. Whether
a similar or other mechanism occurs in keratin
synthesis is unknown.
Detailed consideration of the various pharma-
cological studies on stratum eorneum formation
is beyond the scope of this paper. It is perhaps
sufficient to say that the roles of Vitamin A (16,
17, 19), of various hormones (18, 19) and of
carbon dioxide (20) are currently under con-
sideration.
SUMMARY
Proliferation and sites of stratum corneum
formation were studied in auto-implants and in
explants of split thicknesses of adult human skin.
Keratin cysts, perles, and fistulae developed
within epidermal cell nests and columns distal
to the corium in implants. In explants, pro-
liferation in Eagle's media with added glutamine
and serum was greater than in serum or Eagle's
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media alone. Mitoses were seen oniy in Mal-
pighian cells near the corium, even when the
stratum eorneum and epidermal barrier were
removed to allow diffusion of the nutrient media
into the epidermis from both surfaces. In such
latter specimens keratohyaline granular cells
and stratum corneum occurred most often in
mid-epidermis, rather than in the site most
distant from the eorium. The hypothesis that
stratum corneum formation depends on con-
centration gradients of diffusible substances is
presented.
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DISCUSSION
Da. STEPHEN ROTHMAN (Chicago, Ill.): I
would like to ask about the oxygenation of your
transplants. Isn't there a possibility that relative
anoxia promotes keratinization?
DR. E. WILLIAM ROSENBERG (Miami, Fla.): I
would like to first compliment Dr. Reinertson on
his work and then ask him the maximum time
that his epidermis looked morphologically good
in the explanted skins. Second, what is your
interpretation of the cells high in the epidermis
where the nuclei appear pyknotie with a halo
between them and the cytoplasm?
We are doing similar work and seem to get the
same distortions at that level.
DR. HEEMANN PINKUS (Detroit, Michigan):
I want to compliment Dr. Reinertson on this
beautiful piece of work. I was interested to hear
that in his tissue culture experiments, epidermis
did not proliferate well if exposed to drying in
air. This experience is different from what hap-
pens when we leave the stripped skin in place.
When we leave it exposed to air, epidermal
proliferation is much stronger than when the
surface is protected from drying out. Linder the
latter conditions there are fewer mitoses and a
smaller regenerative effort, probably because a
relatively smaller number of cells is damaged.
Dr. It. P. REINEETSON (in closing): In reply to
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Dr. Rothman's question, I do not know whether
different concentrations of gases affect keratini-
zation or stratum corneum formation in adult
human epidermis. However, with the technics
described in this paper, it is possible to grow
skin in different gaseous environments and such
studies are currently in progress.
In answer to Dr. Rosenberg, the maximum
duration of explantation of skin has been 10
days. At the end of this time the epidermis
seemed to be growing very well, with mitoses
iind stratum corncum formation. Cells in the
superficial Malpighian layer, with pyknotic
nuclei, occurred sporadically in explants. Whether
these cells are to be called living or dead is per-
haps not so important; these cells are still capable
of forming stratum corneum.
In reply to Dr. Pinkus, I believe that the
apparent differences between his findings and
mine may be due to the fact that the explanted
specimens were covered with nutrient media both
on top and underneath the surviving cells, thus
providing a much different nutrient environment,
as well as preventing dehydration.
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PLATE I
FIG. 1. Section through auto-implant, superficial skin with stratum corneum removed, excised after
44 hours. Note lateral migration of epidermal cells (E) and pyknosis and loss of staining in superficial
Malpighian cells (M). IIC = host corium; DC = donor curium. X 235.
FiG. 2. Section through auto-implant, superficial skin, excised after 14 days. Note cyst (C) formed by
migration of epidermal cells, and persistence of original rete ridges (Rift). X 105.
FIG. 3. Section through auto-implant, superficial skin with stratum corneum removed, excised after
0 days. Note parakeratotic stratum corneum (SC) in epidermal cell nest (E). >< 117.
FIG. 4. Section through auto-implant, oral mucosa, excised after9 days. Note central stratum corneum
formation (SC) within epithelial cell nest (E). X 235.
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PLATE H
FIG. 5. Section through auto-implant, superficial skin with stratum corneum removed, excised after
4 days. Note implant (II) joining host epidermis (HE) with a parakeratotic central core of stratum
corneum (SC) at the juncture points. External Surface is to the left. X 155.
FIG. 6. Superficial skin mounted on cellulose sponges and immersed in media.
FIG. 7. Section through explant of superficial skin with stratum corneum removed, harvested after
6 days. Note thickness of Malpighian layer (ML) and mitoses (M) adjacent to corium (C). X 235.
FIG. 8. Section through explant of superficial skin with stratum corneum removed, harvested after
6 days. Note central stratum corneum (SC) within Malpighian layer (ML). (C) =Corium. X 310.
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